We have compiled a sample of 234 ultra-steep-spectrum(USS)-selected radio sources in order to find high-redshift radio galaxies (HzRGs). The sample is in the southern sky at −40
and/or mechanical energy from the radio jets, the physical mechanisms for this are poorly understood. In contrast, there is observational evidence to suggest that the radio jets associated with some supermassive black holes might trigger , rather than suppress, star formation in high-redshift galaxies (Rees 1989; Bicknell et al. 2000; Klamer et al. 2004; Croft et al. 2006 ). There are also plausible arguments to suggest that both processes operate, with radio jets first triggering star formation and then later driving a galactic wind (Silk 2005) . The interplay between mergers and feedback associated with active galactic nuclei (AGN) is likely to affect the evolution of all massive galaxies, not just the extreme bright end of the luminosity function . However, it is the most massive galaxies at high redshift that provide the most stringent constraints on these processes.
The star formation rate density in the early Universe is dominated by the most massive galaxies in the sample volume (see fig. 2 of Feulner et al. 2005) . In Rocca-Volmerange et al. (2004, fig. 5 ), radio galaxies have been identified to be more massive than optically-selected galaxies at each redshift, with stellar masses of ∼ 10 12 M⊙, which is 5 − 10 times more massive than the largest galaxies in most optical surveys. The star formation rate density of the Universe has been shown to peak at 2 < z < 3.5 (Lilly et al. 1996; Madau et al. 1996; Hopkins 2004; Hopkins & Beacom 2006, fig. 2 ) and since radio galaxies are the most massive and dominate the star formation rate at these epochs, they are crucial to understanding early galaxy evolution.
We have conducted a survey of ultra-steep-spectrum (USS) radio sources in the Southern Hemisphere, designed to find high-redshift (z > 2) radio galaxies so as to carry out a detailed quantitative study of their environments. This is the first USS survey in the South to use large, deep lowfrequency catalogues to mine a large area of sky, and it became possible with the completion of the Sydney University Molonglo Sky Survey at 843 MHz (SUMSS; Bock et al. 1999; Mauch et al. 2003) and the reanalysis of the 408-MHz Molonglo Cross survey (Large et al. 1981) to give the more sensitive revised Molonglo Reference Catalogue (MRCR; Crawford, private communication).
The details of the sample selection, and the 1384-and 2368-MHz radio imaging of the MRCR-SUMSS sample were presented in Broderick et al. (2007, hereafter Paper I) . The K-band imaging and identification of the counterparts to 175 of the radio sources were presented in Bryant et al. (2009, hereafter Paper II) . The current paper includes the followup spectroscopy for the sources in Paper II and a complete discussion of the sample using the radio, K-band, redshift and spectral line information. A following paper will discuss the environments of the z > 2 galaxies and what that can tell us about the early evolution of massive galaxies.
We have adopted a flat, Λ cold dark matter cosmology with H0 = 71 km s −1 Mpc −1 , ΩM = 0.27 and ΩΛ = 0.73.
OBSERVATIONS AND DATA REDUCTION

Target selection and radio and K-band imaging
The target selection, radio observations and K-band imaging were discussed extensively in Papers I and II. A very brief summary is given here. The MRCR-SUMSS sample was formed by crossmatching the revised 408-MHz Molonglo Reference Catalogue (MRCR), the 843-MHz SUMSS catalogue and the 1400-MHz NVSS catalogue (Condon et al. 1998) in the region where all three catalogues overlap (declination −30
• to −40
• ). We then selected sources with a spectral index 1 between 408 and 843 MHz, α 843 408 −1.0 and Galactic latitude |b| > 10
• . We further eliminated any sources that had another NVSS source within 100 arcsec to minimize the effects of source confusion.
Follow-up radio images were obtained with the Australia Telescope Compact Array (ATCA) at 1384 and 2368 MHz for the full sample, to pinpoint the K-band identification and investigate the radio structure. These are detailed in Paper I. Twenty-nine of the MRCR-SUMSS sources were also observed at 4800 and 8640 MHz; those data are presented in Paper II.
K-band (2.2µm) observations were made with the 3.9-m Anglo-Australian Telescope's (AAT) IRIS2 detector (Gillingham & Jones 2000) and with PANIC (Martini et al. 2004 ) on the 6.5-m Magellan Baade telescope at Las Campanas Observatory. Full details of the K-band imaging and reduction are given in Paper II.
Spectroscopy
Spectra for our sources were obtained using three spectrograph/telescope combinations. Sources with optical identifications from the SuperCOSMOS Sky Survey (Hambly et al. 2001) were observed using the 2.3-m telescope of the Australian National University (ANU) at Siding Spring Observatory, NSW. Identifications with K ∼ < 19 were observed with the 3.6 m ESO New Technology Telescope (NTT), and the faintest targets (K > 19) were observed using the 8 m ESO Very Large Telescope (VLT). For both the NTT and VLT observations, to acquire the faint targets into the slit, we used blind offsets from a nearby ( ∼ < 1 arcmin) star in the Kband images. After a first exposure, we performed a quick data reduction. If the redshift was obvious, the next exposure was aborted to save observing time. The individual exposures were offset by 10 arcsec along the slit to allow subtraction of the fringing in the detector at red wavelengths.
The journal of observations is given in Table 1 .
ANU 2.3m
We used the Dual-Beam Spectrograph (DBS; Rodgers, Conroy & Bloxham 1988) on the ANU's 2.3-m telescope on 2007 April 10-14. A plane mirror was used to direct all the light into the blue arm of the spectrograph in order to obtain complete wavelength coverage over the range 3500-11000Å. The CCD is an E2V 2148 × 562 pixel detector with a spatial scale of 0.91 arcsec pixel −1 . We used the 158R grating, providing a dispersion of 4Å pixel −1 and a spectral resolution of 8.9Å. Severe fringing at the red end restricted the usable wavelength range to 3500-8000Å; second order contamination was minimal. Conditions were variable, but mostly non-photometric, with poor seeing.
ESO/NTT
We used the ESO Multi-Mode Instrument (EMMI; Dekker, Delabre & D'Odorico 1986) on the NTT on 2006 July 25-27 and 2007 July 10-12. The conditions in 2006 were poor with the first two nights lost to weather; the third was non-photometric with 1.0-1.4-arcsec seeing. In 2007 the conditions were better, with seeing between 0.6 and 1.0-arcsec FWHM. We used grism #2 and a 1.5-or 1-arcsec slit; the latter was used in the better seeing conditions. The wavelength coverage was 3700-9700Å, with a dispersion of 3.5 A pixel −1 , a spectral resolution of 10.4Å FWHM and the pixel size was 0.33 arcsec. To minimise the effects of differential atmospheric refraction, we observed the targets with the slit oriented at the parallactic position angle.
ESO/VLT
We used the FOcal Reducer and Spectrograph (FORS; Appenzeller et al. 1998) in visitor mode on the VLT on 2006 June 22-23. We used FORS2 on UT1 (Antu) with the 150I grism and 1-arcsec slit, providing a dispersion of 6.7Å pixel −1 and a spectral resolution of 21.4Å. The wavelength coverage was 3600-8500Å. As the FORS instruments have a linear atmospheric dispersion corrector, we did not observe at the parallactic angle, and instead the slit position angle was chosen to avoid bright stars.
Data reduction
Data reduction was performed with the iraf software suite, using standard procedures. We removed the bias and pixelto-pixel gain variations from each frame, and then removed the cosmic rays using the iraf task szap. We extracted spectra using the iraf task apall, extracting only the central few rows (∼ 1 arcsec) to maximise the signal-to-noise ratio of the spectrum. This optimises our chance of finding a redshift, at the cost of not including all the flux from the object, particularly from any extended line emission. The same extraction aperture was used to extract a calibration spectrum from the arc lamp, which was then used to calibrate the one-dimensional spectrum in wavelength.
The spectra were flux-calibrated by comparing with the spectrum of a spectrophotometric standard taken on the same night. No correction was made for Galactic reddening. Table 2 lists all the MRCR-SUMSS sources for which we have taken spectra. The K-band images with radio contours for these objects were presented in Paper II. Some sources met our selection criteria, but were also part of the SUMSS-NVSS sample (De Breuck et al. 2004, Paper I) , and were therefore not reobserved. For those sources, the K-band magnitudes and positions given are from De Breuck et al. (2004) . The columns in Table 2 are: (1) NVSS source name.
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(2) K-band magnitude in a 4-arcsec-diameter aperture. Some sources are obscured by foreground stars (see column 6) which contaminate the listed magnitude. Sources marked SC were visible on the SuperCOSMOS UKR fields and no K-band image was obtained (see Paper II). Our analysis exclusively used magnitudes in a 4-arcsec aperture, and the justification for this choice is given in Paper II. (3) K-band magnitudes in equivalent 64-kpc apertures, which were calculated from 8-arcsec-aperture magnitudes, following the method of Eales et al. (1997) . Only radio galaxies (not QSOs) which have redshifts and 8-arcsecaperture magnitudes in Paper II have been converted. The limitations on these 64-kpc-aperture magnitudes were discussed in Paper II and are discussed further in Section 4.1.2. (4) & (5) RA and DEC (J2000) of the K-band identification. One source which had no K-band identification is marked "-". The sources which had SuperCOSMOS identifications have the SuperCOSMOS position listed. (6) Spectroscopic redshift. The wavelength of each line was determined by fitting a Gaussian on top of a continuum. Occasionally spurious lines were introduced by the fringing in the CCD; we required that features be visible in both exposures to be counted as real. The redshift quoted is the average of the redshifts derived from individual lines; the error is the scatter in this average, with uncertainties due to the line fitting and wavelength calibration added in quadrature. The sources marked 'continuum' had continuum but no lines, while those marked 'undetected' showed no continuum or line emission. Some objects are obscured by a foreground star and are listed as 'obscured'. Objects with emission lines broader than > 3000 km s −1 have been classified as QSOs 2 and are marked with a 'Q'. (7) Origin of the spectra. On the NTT, EMMI was the spectrograph, while FORS2 was the instrument on the VLT. 'DB' refers to objects from De Breuck et al. (2004 . (8) Linear size in kpc using the largest angular size measurements at 2368 MHz unless marked with a footnote. (9) Rest-frame luminosity at 1.4 GHz in W Hz −1 . Luminosities were calculated using the 5-point spectral index from Paper II (table 2) unless marked by a footnote.
2 NVSS J144932−385657 has one line with FWHM> 3000 km s −1 but it is faint and the error on the width is large; since the other lines are narrow we do not classify it as a QSO.
Of the 164 sources with K-band or SuperCOS-MOS counterparts in Paper II, spectra were obtained for 52 objects listed in Table 2 , including 46 new spectra and six that are common to the SUMSS-NVSS sample and therefore have spectra in De Breuck et al. (2006) . NVSS J231727−352606 is in both the SUMSS-NVSS and MRCR-SUMSS samples, and has a K-band magnitude limit listed in De Breuck et al. (2004) and a redshift from De Breuck et al. (2006) ; our new, deeper limiting magnitude (see Paper II) is shown in the table. NVSS J103441−394957 and the combined source NVSS J023601−314204/J023605−314235 have very faint red identifications in SuperCOSMOS, and were retained in the sample because the identification was not located until we had high-resolution ATCA images.
The spectroscopy has resulted in 36 confirmed redshifts, 12 continuum spectra, one that remained undetected and three that are obscured by stars. The spectra are shown in Fig. 1 ; they were smoothed lightly for the plots, using (typically) a 3-pixel boxcar.
Parameters of the emission lines were measured following procedures similar to those described in Röttgering et al. (1997) ; these parameters are listed in Table 3 . The line centre and width (FWHM) were determined by fitting a Gaussian on top of a continuum; the line flux was obtained by direct summation of the flux above the continuum over a wavelength range four times the FWHM, except where such a width would also include neighbouring lines. No attempt has been made to de-blend lines. The location of the continuum was determined by eye separately for each line. This is the major source of error in the line ratios. The errors on the line fluxes and widths were estimated by comparing the measured values using different continuum levels; for some of the weaker lines, these errors are substantial. Because we extracted the spectra from only the central few rows of each object (see Section 2.2.4) we have not in general included all the flux from each emission line, so the line ratios we derive are characteristic of the nuclear regions only.
Thirty-three per cent of the redshifts obtained are in the range 2 < z < 3.5, corresponding to the epoch in which the star formation rate density of the Universe was at a maximum (see Section 1). These objects will form part of our sample for follow-up observations to look at the clustering properties and environments of massive galaxies at that epoch.
Three of the possible identifications turned out to be M-stars. These are assumed to be misidentifications with foreground stars rather than radio stars, as the surface density of radio stars from Helfand et al. (1999) is much lower than our observed surface density of M-star radio identifications. The fraction of contaminating stars is similar to the SUMSS-NVSS sample in which three out of 35 spectra were misidentified stars. The stars are not included in our analysis. Twelve sources (23 per cent) showed a continuous spectrum with no emission lines and one was not detected, leaving 25 per cent of the galaxy spectra with undetermined redshifts. This is a smaller fraction than in the SUMSS-NVSS sample and the USS sample of De Breuck et al. (2001) which found 28 per cent and 35 per cent respectively. Of our twelve continuum sources, one was a spectrum taken with the ANU 2.3-m in which the S/N was insufficient to detect any lines and will be reobserved on a larger telescope. Six were NTT spectra which may need to be repeated on the VLT to improve the signal-to-noise ratio, and the remaining five were VLT spectra. The 'redshift desert' is the region 1 < z < 2.3 where the strong [O ii]λ3727 line has been shifted out of the spectral window, but Lyα has not yet moved into the window. The continuum sources may be in this redshift range or, alternatively, the Lyα line may be self-absorbed and the other emission lines too weak to be detected.
Notes on individual sources
NVSS J023601−314204/J023605−314235 (combined source, see Paper II): The spectrum shows no emission lines, but the redshift is secure based on stellar features. NVSS J103441−394957: The spectrum shows broad QSO emission lines and the radio source has a large linear size. NVSS J103615−321659: We proposed in Paper II that this may be a double source with very unequal lobes. While our higher resolution images did not show a double structure as the fainter lobe was resolved out, our spectrum is that of a z = 2.136 galaxy. This high redshift supports our identification as it would be very unlikely for a z > 2 galaxy to coincidentally be as close as this to a USS radio source. NVSS J105917−303658: The emission lines are broad, typical of a quasar and it has compact radio structure with a largest angular size of 1.0 arcsec. The C ivλ1549 line shows strong self-absorption and the blue wing of the Lyα line appears to have been absorbed completely (see Fig. 14) . Absorption at the redshift of the host galaxy was found by Baker et al. (2002) in almost all compact steep-spectrum radio-loud quasars. NVSS J112641−383950: The line at 7468Å; (marked with an asterisk in Fig. 1 ) is the λ1305 O i+Si ii line appearing in second order. NVSS J140223−363539: The 8640-MHz image in Paper II showed contours extending towards an object 2 arcsec south-west of the 2368-MHz peak. A spectrum of this object has confirmed the redshift to be 2.796. While it does not align with the radio structure, it would be highly unlikely that this could be a separate high-redshift object that coincidentally is near the radio source. The NVSS centroid is 2.5-arcsec north of the claimed identification. That may indicate the presence of another faint lobe to the north which is resolved out in the ATCA observations, suggesting that it could have a wide-angled tail structure. For the time being we assume the high-redshift source to be the identification due to its redshift, but we cannot explain the offset from the expected position. NVSS J140854−382731: The redshift is based on a single line, which we identify as [O ii]λ3727, and the marginal presence of other lines in the spectrum. NVSS J141428−320637: Shows evidence of recent star formation, with Hδ absorption characteristic of an A-star population. NVSS J144206−345115: A quasar, with broad lines and associated absorption (see Fig. 14) . NVSS J151020−352803: There is only one bright line in the spectrum, which is spatially extended over 3.6 arcsec, which we identify as Lyα, based on the marginal presence of confirming lines. NVSS J151215−382220: No lines were identified, but the a Two NVSS sources have been shown to be the components of one radio source. b SuperCOSMOS UKR optical position. c 2MASS (Skrutskie et al. 2006) position. e 2MASS K magnitude in 8-arcsec aperture. h This source was observed by De Breuck et al. (2004) in the SUMSS-NVSS sample with a K-band non-detection. We have reobserved it and improved the limit on the K-band non-detection. i These sources were also part of the SUMSS-NVSS sample. The K-band magnitudes and positions given are from De Breuck et al. (2004) . l This object is at the position where the redshift was measured, but it may be a foreground star (see Section 3.1). m Spectral indices used in calculating the luminosities are from Klamer et al. (2006) 
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brightness of the object and the presence of a significant continuum make it unlikely to be at high redshift.
NVSS J152123−375708:
A QSO with broad C ivλ1549.
NVSS J152435−352623: Three broad lines including a very broad C ivλ1549 line of 15800 km s −1 FWHM confirm that this is a QSO.
NVSS J213238−335318:
The redshift is based on a single emission line, which we identify as Lyα, based on the absence 
6694.1 ± 0.6 1340 ± 130 0.24 ± 0.06
2.900 ± 0.001 Ly α λ1216 4740.6 ± 0.5 2100
2.772 ± 0.002 Ly α λ1216 4587.9 ± 0.6 2700 ± 200
7201.6 ± 0.7 1260 ± 140 0.29 ± 0.07 NVSS J215226−341606
1.277 ± 0.002
8492.0 ± 0.9 970 ± 300 6.0 ± 3 NVSS J215455−363006
1.235 ± 0.001
8323.3 ± 0.4 480 ± 100 0.89 ± 0.4 NVSS J223101−353227
1.834 ± 0.006 C iv λ1549 4400.7 ± 0.6 1060 ± 200 0.34 ± 0.08 He ii λ1640
4644.3 ± 1.5 1300 ± 500 0.14 ± 0.03
6580.6 ± 1.4 3690 ± 300
6995.8 ± 0.6 1070 ± 120 0.30 ± 0.07
7500.9 ± 0.4 520 ± 100 0.40 ± 0.2 NVSS J230004−304711 0.5445 ± 0.0006
5755.3 ± 0.8 1340 ± 400 7.5 ± 4 NVSS J232125−375829 2.204 ± 0.006 C iv λ1549 4972.8 ± 0.5 2970 ± 300 42 ± 10 C iii] λ1909
6103.4 ± 4.0 5000 ± 2000 11.5 ± 3 Mg ii λ2798
8975.8 ± 0.8 830 ± 200 5.1 ± 2 NVSS J233034−330009 2.675 ± 0.005
7017.2 ± 3.8 4200 ± 1500 3.9 ± 2 NVSS J233226−363423 0.988 ± 0.003 Mg ii λ2798 5576.1 ± 10 10700 ± 500
7400.1 ± 1.3 2000 ± 500 11.2 ± 3
Figure 1 -continued of blueward continuum emission. The bright line is spatially extended over 1.8 arcsec, supporting the Lyα identification. NVSS J223101−353227: The C ii]λ2326 and Mg iiλ2798 lines are broad, so we classify this object as a QSO. The line ratios support this interpretation (see section 4.5), though the line equivalent widths are unusually small for a QSO. NVSS J223111−371459: The spectrum shows both [O ii]λ3727 emission and strong Balmer absorption indicative of an A-star population. NVSS J232125−375829: A quasar. The blue end of the spectrum is noisy and has been truncated but Lyα is not detected. NVSS J233034−330009: From our original 1384-and 2368-MHz radio images, we initially chose the identification to be the bright K-band object between the lobes and closer to the stronger lobe. We had taken a spectrum of this object before the 4800-MHz-high-resolution image (shown in Paper II) identified a possible core which is 4-arcsec east of the bright K-band object. The spectrum is typical of an Mstar, but there is a clear emission line in the blue which we identify as Lyα at a redshift of 2.675. The slit position angle was 165
• and centred on the bright object and therefore does not go through the core position. The spatial profile of the Lyα line, shown in Fig. 2 , is extended with a FWHM of 7.4 arcsec (60 kpc) along the slit. We therefore believe that the correct K-band identification is fainter than the limit on the IRIS2 image (i.e. K > 19) and that it is surrounded by a Lyα halo which extends from the core to beyond the bright source, which is an M star. In Fig. 3 , we show the possible position of the Lyα halo. In a simplistic picture, where the Lyα halo is spherical, the 7.4-arcsec FWHM of the emission line at the slit can be reproduced by a halo of diameter ∼ 10.5 arcsec, or 85 kpc. With an alternate geometry, the halo size would need to be a minimum of 32 kpc, the projected distance from the core to the bright object. This is a modest size for a Lyα halo, as some have been found to be > 100 kpc (Kurk et al. 2000a; Venemans et al. 2002; Reuland et al. 2007 ). Since the possible core was not detected in our 8640-MHz image this interpretation is open to question.
An alternative picture is that the bright K-band object is a galaxy and star coincident along the line of sight, and the middle component is a hotspot along the eastern jet. If this picture is correct then there is a marginal line at the wavelength expected for C ivλ1549. A further line sits at the expected position of C iii]λ1909, but it cannot be differentiated from the M-star features at that wavelength. NVSS J233226−363423: A very broad Mg iiλ2798 line, with a FWHM of 10 4 km s −1 indicative of a QSO.
DISCUSSION
4.1 K-z distribution 4.1.1 Emission-line contribution to K-band magnitudes
and Hα λ6562 can be shifted into the K-band, particularly at redshifts beyond ∼ 2. The contribution of these lines to the K-band magnitude is primarily dependent on redshift, but also on radio luminosity, due to the correlation between emission-line and radio luminosities (Willott et al. The dashed circle is the proposed Lyα halo, centred on the radio core, and with a diameter chosen to reproduce the observed width of the Lyα emission at the slit (7.4 arcsec), giving a halo diameter of 10.5 arcsec or 85 kpc. 1999). Jarvis et al. (2001) calculated the emission-line contamination at each redshift for different 151-MHz flux densities. Adopting their approach, we have estimated the emission-line contamination to our K-band magnitudes for the MRCR-SUMSS sources. Firstly, we extrapolated our radio spectrum to 151 MHz, using the spectral index from our 5-point fit or, when unavailable, using the 843-1400-MHz spectral index (see Paper II). Some of the sources have a measured 151-MHz flux density (see Table 5 ) which was used. We then estimated the K-band contribution from emission lines using the information from Jarvis et al. (2001, fig.2 ), and then subtracted the emission-line contribution from the measured K flux. We find that in all but one case (NVSS J144932−385657) the typical contribution of the emission lines is less than the errors on our K magnitudes. The inherent assumptions in this process mean that a typical emission-line contamination was calculated, rather than an actual emission-line contribution. These assumptions include using average line ratios, the generalisation of the correlation between emission-line and radio luminosity, and the assumption that our radio spectra remain straight down to 151 MHz.
The only source where line emission may contribute to the K flux is NVSS J144932−385657 at z = 2.149, where the emission lines of [N ii]λ6583 and Hα fall in the K band. This source is relatively faint at K = 19.8 ± 0.2 and the possible emission-line contribution may account for up to 0.4 magnitudes of K-band flux. However, the spectrum in Fig. 1 shows that the emission lines are weak and therefore the lines that are shifted into the K-band may not have the maximum flux calculated here. Furthermore, this object is not an outlier in the K-z distribution (see Fig. 4 below) so there is no evidence that emission lines have boosted its K magnitude.
Trends on the K-z correlation
The K-z correlation is an empirical relationship that spans redshifts up to z > 4. While the correlation remains linear 3 , different galaxy samples have been shown to give different linear fits to the K-z relation. Willott et al. (2003) made a fit to 64-kpc-aperture magnitudes based on the 3CRR, 6CE, 7C and 7CRS galaxy samples. The 3CRR sample was found to be ∼ 0.6 magnitudes brighter in K at z > 1 than the 6C (Jarvis et al. 2001) , while the 7C and 3CRR are offset in K-magnitude at all redshifts (Willott et al. 2003) . A fit to the K-z relation for FIRST radio sources (El Bouchefry & Cress 2007) was also found to be fainter than the Willott et al. (2003) relation by more than 0.5 magnitudes at high redshift and even more at low redshift. These differences highlight the selection effects (including flux density limit) in any sample and show that the fits to the K-z plot depend on which samples are included and the aperture correction used. An individual fit, therefore, has no physical meaning but serves only to highlight whether a galaxy lies above or below the trend for that sample.
In Fig. 4 the 4-arcsec-aperture K magnitudes are plotted against redshift for all the sources in our sample that have spectroscopic redshifts, along with many samples from the literature with 4-arcsec-aperture K magnitudes. These are both USS-selected samples and non-USS-selected samples as listed in the Figure, and include the largest non-USS sample (McCarthy et al. 1996; 2007, private communication) comprising 277 K-band observations of radio galaxies, of which 175 have redshifts. The advantages of using the 4-arcsec-aperture magnitudes are discussed in Paper II and in terms of the K-z dispersion in Section 4.1.3. We have therefore chosen to adopt a fit to the 4-arcsec-aperture magnitudes from the combined literature samples as the most suitable metric that represents our data and allows more of the galaxies in our sample to be compared with the linear relation for HzRGs. For consistency with some papers in the literature we also show the K-z plot based on 64-kpc aperture values. The MRCR-SUMSS 64-kpc magnitudes are calculated from 8-arcsec-aperture magnitudes following the procedure described by Eales et al. (1997) and listed in Table 2.
Three fits to the 4-arcsec-aperture magnitudes in Figure 4 are shown. The fits are linear least-squares fits, because in each case the error on a quadratic fit was higher. QSOs and objects with contamination from foreground stars were not included in the fits. The equations of the fit lines are
for objects at all redshifts (solid line),
for z > 0.6 objects only (dotted line), and K(4 ′′ ) = 3.11 log(z) + 17.89
for z > 1.0 objects (dashed line).
As the redshift range increases to include lower redshift objects, the fit steepens, whereas if the 4-arcsec aperture was missing any K-band flux we would expect the opposite effect, i.e., the fit would be flatter. There is therefore no compelling evidence that the lower redshift galaxies have K-band emission detected beyond a 4-arcsec aperture.
In Fig. 4 we have also plotted the evolutionary curves for elliptical galaxies with masses of 10 11 M⊙ and 10 12 M⊙ from the models of Rocca-Volmerange et al. (2004) . The majority of identifications in our sample are consistent with elliptical galaxies of mass 10 11 − 10 12 M⊙ . Seymour et al. (2007) modelled HzRG masses from H−band magnitudes using early-type galaxy models from PEGASE2 (Fioc & Rocca-Volmerange 1997) with galaxy formation at z = 10 and a different initial mass function to that used by Rocca-Volmerange et al. (2004) . Seymour et al. (2007) found that the majority of their galaxies fitted within the 10 11 -10 11.5 M⊙ model over a redshift range of 1 < z < 4. The K-z distribution has a scatter about the fitted line due to the variations in stellar content of the galaxies, the amount of dust, and the rest wavelength range being sampled at each redshift. At high redshift U V light is observed in the near-IR, and this may introduce a contribution from the AGN continuum. In Fig. 4 there are two galaxies that are more than 2.5σ from the adopted best fit line (Eq. 1), and lie well outside the 10 11 M⊙ and 10 12 M⊙ model lines. NVSS J011606−331241 is 3.3σ fainter than the fit to the main distribution of points, with K = 18.6 and z = 0.352. This galaxy is in common with the SUMSS-NVSS sample; . The literature samples were chosen because they had 4-arcsec K-band and redshift information. QSOs, uncertain redshifts, and lower limit K magnitudes were removed from the literature samples. Two of the samples (CENSORS, Brookes et al. 2006 Brookes et al. , 2008 and 6C**, Cruz et al. 2006 ) had 3-and 5-arcsec-aperture K magnitudes and a 4-arcsec-aperture magnitude was calculated by averaging the equivalent 3-and 5-arcsec fluxes and converting to a 4-arcsec magnitude. The other samples plotted are the 6C* from Jarvis et al. (2001) , De Breuck et al. (2001 , 2002 sample, 7C from Willott et al. (2003) , SUMSS-NVSS from De Breuck et al. (2004 and the sample from Bornancini et al. (2007) . The small dots are the McCarthy et al. (1996; 2007, private communication) sample in which the magnitudes were measured in a 3-arcsec aperture. Three straight line fits to both the literature samples and the MRCR-SUMSS sample are shown; a fit to points at all redshifts (solid line, Eq. 1), to points with z > 0.6 (dotted line, Eq. 2) and to points with z > 1 (dashed line, Eq. 3). The McCarthy points were not used in the fit calculations due to the smaller measurement aperture for that sample and neither were the QSOs and objects with contamination by a foreground star in the MRCR-SUMSS sample. The redshift errors for our MRCR-SUMSS data are much smaller than the plotted filled circle as are some of the K-magnitude errors. Bottom: K magnitudes in a 64-kpc metric aperture versus redshift for the MRCR-SUMSS HzRGs (filled circles), the MRCR-SUMSS QSOs (stars) and samples from the literature (small open circles). The literature samples are the 3CRR, 6CE, 6C * and 7CRS radio galaxy samples compiled by Willott et al. (2003) in De Breuck et al. (2006) it was concluded that there is a chance the correct identification may be a fainter nearby galaxy but higher resolution radio imaging is needed to confirm this. The other main outlier is NVSS J233034−330009 which is 2.8σ brighter than predicted, with z = 2.675 and K = 17.2; this source is discussed in detail in Section 3.1.
Dispersion in the K-z distribution
An increase in the dispersion of points on the K-z plot at high redshift has been used in the past to constrain the epoch of formation of radio galaxies. Eales et al. (1997) found an increase in dispersion above z ∼ 2, and concluded that those galaxies were in the process of formation while those at z < 2 are evolving passively. On the other hand, Jarvis et al. (2001) found no evidence for an increase in the dispersion of K magnitudes at z > 2, and concluded that radio-luminous systems formed most of their stars at z > 2.5 and have evolved passively since then.
In Table 4 , we have calculated the dispersion in redshift bins for all the galaxies in Fig. 4 based on each fit shown. This shows that the dispersion in the 64-kpc-aperture points around the Willott et al. (2003) fit is no lower than dispersion of the 4-arcsec-aperture points about the fit to all redshifts. Therefore, we have adopted the 4-arcsec-aperture metric with the fit in Eq. 1 in order to compare the MRCR-SUMSS galaxies with the trend in radio galaxies for the rest of this paper. There is no evidence for an increase in dispersion above z = 2 for the 4-arcsec-aperture fits. This supports the results found by Jarvis et al. (2001) and De Breuck et al. (2006) that radio galaxy hosts have been evolving passively since epochs corresponding to z = 3 or earlier.
QSOs in the MRCR-SUMSS sample
QSOs are usually removed from HzRG samples on the basis that their K-band flux is generated by the central AGN rather than from stellar light. The implication is that the non-thermal AGN flux would be stronger than the thermal contribution from the host and hence bias the Kz distribution in favour of brighter K-band magnitudes. The unification model of AGNs (Barthel 1989 ; Antonucci 1993; Urry & Padovani 1995) suggests that the difference between radio galaxies and radio-loud QSOs is an orientation effect, such that the QSOs are viewed so the nucleus can be seen directly rather than being obscured by a dusty torus as in a radio galaxy. QSOs would therefore be expected to have smaller apparent linear sizes. While Barthel (1989) found that QSOs, on average, were a factor of two smaller than radio galaxies, many QSOs have large radio linear sizes, up to several Mpc (Riley et al. 1989; Bhatnagar, Krishna & Wisotzki 1998 ; Paper II, section 3.2.1) and some do not show very bright central sources. Alternatively, it has been argued that the difference between QSOs and radio galaxies may be due instead to their evolutionary stage and/or environment. For instance, compact radio sources were found to live in denser environments than extended sources by Prestage & Peacock (1988) and this was used as an argument for them being different types of sources. It is possible, therefore, that radio morphology may depend more on the age or environment of a source than its viewing angle. As a result we consider it important to include QSOs in any follow-up study of HzRG environments.
It has been suggested that the alignment effect between radio structures and UV/optical light seen in HzRGs is also apparent in QSOs (Lehnert et al. 1999 ) and can be explained by scattering of light from the active nucleus rather than jet-induced star formation. Scattering models are favoured because the emission is highly polarised. While broad emission lines have long been the defining features of QSOs, the distinction between radio-loud QSOs and radio galaxies is not clear-cut. It is worth noting that compact steep-spectrum QSOs in the Molonglo Quasar Sample (Baker & Hunstead 1995) also have properties similar to HzRGs: a heavily reddened optical continuum, strong narrow forbidden lines and narrower than usual permitted lines. USS QSOs are quite rare, and therefore may have different physical characteristics to the bulk of the QSO population.
While our fits to the K-z plot do not include the QSOs, it can be seen in Figure 4 that the QSOs tend to fall on the faint side of the fit to all redshifts, indicating that the Kband flux is not unusually strong in comparison with the radio galaxies. If the QSOs had been included, the z > 1 fit does not change Eq. 3 within the precision shown. We note, however, that target selection for spectroscopic followup was based on K-band magnitude but not on K-band morphology; hence bright QSOs will not be included in our sample.
While the objects with line widths > 3000 km s −1 have been classified as QSOs, we find no evidence from the Kband magnitudes that we are seeing the nuclear source directly. Furthermore, two of the MRCR-SUMSS QSOs -NVSS J223101−353227 and NVSS J233226−363423 -have extended K-band emission that is aligned (within 7-and 3-degrees respectively) with the radio structure.
In Fig. 5 , we compare the MRCR-SUMSS radio galaxies and QSOs with the overall K-z fit for radio galaxies defined by 4-arcsec aperture magnitudes. The offsets between the measured redshifts and those predicted by Equation 1, z(fit)−z(spec), are plotted against radio luminosity, linear size and redshift. It is clear that the differences among the K-z fits defined by Eqs. 1, 2 and 3 are small in comparison to the scatter about each fit. Moreover, these QSOs do not stand out from the HzRGs in linear size, radio luminosity or redshift distribution. It is only the spectral line width that differentiates QSOs from HzRGs in the MRCR-SUMSS sample. Figure 5 . The difference between predicted and spectroscopic redshifts (where the predicted redshift comes from the K-z fit in Fig. 4 , Eq 1) as a function of linear size, 1.4-GHz luminosity and spectroscopic redshift. Circles are radio galaxies and crosses mark the QSOs.
Linear size
In some USS-selected HzRG samples an explicit maximum radio angular size cut-off has been applied (see for example Blundell et al. 1998; De Breuck et al. 2000a ), on the assumption that the higher-redshift sources are younger and hence smaller . Our plot of largest linear size versus redshift in Fig. 6 is limited by the small number of redshifts measured so far (21 per cent of K detections have redshifts). The selection of galaxies for redshift followup is likely to exclude some radio-extended but optically-faint objects (as discussed in Section 4.4.2) which we expect to be lower redshift dust-obscured galaxies that would populate the top left of Fig. 6 . However, the upper envelope of source sizes drops at higher redshift. Linear size evolution is well known in radio samples (Kapahi, Subrahmanya & Kulkarni 1987; Barthel & Miley 1988 ), but Blundell et al. (2002) found only a weak correlation between redshift and linear size measured at low (74 MHz) frequency. The correlation here is also weak. Further analysis will be carried out when the spectroscopy for the MRCR-SUMSS sample is complete.
The measured K−magnitudes have also been plotted against largest angular size (LAS) in Fig. 7 . Our adopted cosmology dictates that the LAS will change with redshift, and therefore a line is shown representing the LAS of a 50-kpc source at each redshift, and similarly for a 100-kpc source. In both cases, the LAS was calculated using our chosen cosmological parameters (see Section 1), and then the redshifts were converted to K magnitudes using Equation 1. If the distribution of points decreases faster than the lines marking the cosmological models, then more distant USSselected galaxies may be intrinsically smaller than their lowredshift counterparts. The median LAS of our objects at each K magnitude generally decreases faster than the cosmological models. However, a Spearman rank test confirms there is no correlation in Fig. 7 .
The alignment effect
Alignment between near-infrared and radio structures has been found in many HzRG samples, and these are discussed in detail in Paper II. However, the redshift dependence of the alignment effect is very much in dispute, with some investigations finding a clear increase in alignments with redshift (e.g. van Breugel et al. 1998), while others find no such trend (e.g. Pentericci et al. 1999) . We now examine the Table 2 versus redshift for sources (excluding QSOs) in our sample with spectroscopic redshifts. II, table 3) where available, and otherwise, the value comes from Paper II, table 2. Two solid curves represent the angular size of a 50-kpcand 100-kpc-diameter galaxy versus redshift (based on Equation 1 from the K-z plot) for our adopted cosmological model. The heavier solid line joins points which are the median LAS values in each magnitude bin from 16-17 up to 20-21 magnitudes. Solid points represent the objects that were followed up with spectroscopy (irrespective of whether that resulted in a redshift measurement). redshift dependence of the alignment effect in the MRCR-SUMSS sample. In Paper II we fitted ellipsoidal profiles to the K-band host galaxies. The major axis of the ellipsoids was found to align with the radio structure in 21 per cent of the 122 galaxies for which an elliptical profile could be fitted. Fifteen of the 122 fitted galaxies have redshifts and they are plotted in Fig. 8 against the position angle offset, defined as the difference between the radio axis and the major axis of the fitted K-band ellipsoid. There may be an upper envelope to the distribution of points, which falls with increasing redshift. If that remains the case when the spectroscopic sample is complete, then it would imply that the higher-redshift objects show closer alignment than those at lower redshifts.
In Paper II we identified sources with alignment offsets of less than 10 degrees as being likely candidates for jetinduced star formation. Only three of those have redshifts in Fig. 8 . While the trend with redshift identified here is clearly not associated with such highly aligned processes, larger position angle offsets have been attributed to ionisation cones or extended emission-line regions in some high redshift galaxies. Such features would not be seen in galaxies at 1.3 z 1.9 where there are no bright emission lines in the K-band. It is noteworthy that the objects which are highly misaligned, including those with perpendicular axes (> 80 degrees), are all at low redshift.
The efficiency of low-frequency selection
Spectral curvature
The original purpose of selecting sources that are ultrasteep between 408-843 MHz was to test whether the sample would preferentially select higher redshifts than USS samples selected at higher frequencies. This would be the case if the radio spectrum steepens at higher frequencies and the steeper part is redshifted down to 408-843 MHz, in which case the lower-frequency selection would include fewer low-redshift objects. In Paper I we found that 85 per cent of USS-selected sources have straight radio spectra between 408-2368 MHz (observed frame) and therefore the frequency of USS selection should not affect the resultant sample if selected at a frequency higher than 408 MHz. Similarly Klamer et al. (2006) found that 89 per cent of a subsample of 37 sources from the SUMSS-NVSS sample also have straight radio spectra from 843 MHz to either 6.2, 8.6 or 18 GHz. However, Bornancini et al. (2007) found that the majority of their USS sample have radio spectra that flatten from 352 MHz to 74 MHz. If the radio spectrum remains straight over a larger frequency range, then the spectral index is independent of the observed frequency. In that case, the z-α correlation would not be due to a k-correction. The steep spectrum would instead be intrinsic to the source or the environment it is in.
We have an opportunity to investigate the shape of the radio spectrum below 408 MHz for the MRCR-SUMSS sample as some of the sources are also in the 74-MHz VLA LowFrequency Sky Survey (VLSS; Cohen et al. 2007 ) and the 151-MHz Mauritius Radio Telescope (MRT) Southern Sky Survey (Pandey 2006) . These two catalogues, while useful, have limitations. Firstly, the declination of our sources is at the southern edge of the VLSS survey region, where the flux densities are considered less reliable. Secondly, the large MRT beamwidth (4×4.8 arcmin at declination −35
• ) is subject to beam confusion. We note that the MRT flux density calibration is tied to interpolated 151-MHz flux densities for strong sources in the Burgess & Hunstead (2006) compilation. Errors in flux density were assumed to be the quadratic combination of a 0.26-Jy-rms noise plus confusion term and a 6.3 per cent scale uncertainty (Pandey 2006) .
Inclusion of 74-and 151-MHz flux densities in our spectrum fits was done only after careful assessment of the radio images. MRT and VLSS images were overlaid with images from MRCR and SUMSS to check for confusion in the MRT images, and flux density or morphological anomalies in VLSS at these large zenith distances. The MRCR-SUMSS sample sources which have a reliable 74-MHz flux density have been fitted with a 6-point spectral index between 74 and 2368 MHz in Paper I (table 10) and those with a Kband counterpart are listed in Table 6 . The 151-MHz catalogue does not cover all of our survey region, but we found matches to ten of the MRCR-SUMSS sources which have Kband counterparts. These are given in Table 5 along with a revised spectrum fit which includes the new frequency point. Two of these have both 74-MHz and 151-MHz flux densities. An example of the fit to one source is shown in Fig. 9 .
In Tables 5 and 6 , 75 per cent (15/20) of sources have spectral shapes that remain a power-law down to either 74 or 151 MHz. The mean K-band magnitudes are 17.9 and 18.0 for the flattening and straight-spectrum sources respectively. The difference between these distributions is not statistically significant (based on a Wilcoxon rank-sum test). Therefore, we find that the majority of our sources have a spectral shape that remains straight, which supports a picture in which the steep spectrum is intrinsic to high redshift sources and that a k-correction is not the reason why these highredshift sources have been identified by our selection criteria.
Relationships among redshift, K, α and 1400 MHz flux density distributions
In Paper II we compared the K-band magnitude distribution of the MRCR-SUMSS sample to both USS-selected-and non-USS-selected-samples from the literature, and found that the resulting K-band distribution was independent of the flux density distribution. Here we look at the redshift distribution of the same samples and we investigate any biases in the selection of objects for spectroscopic followup. Fig. 10 shows the redshift and 1400 MHz flux density distributions for our MRCR-SUMSS sample and the SUMSS-NVSS, 6C** (Cruz et al. 2006) , De Breuck et al. (2001 , 2002 , McCarthy et al. (1996; 2007, private communication) , CENSORS (Brookes et al. 2006 (Brookes et al. , 2008 and a combined sample from the 3CRR, 6C
* , 6CE and 7CRS catalogues (compiled by Willott et al. 2003) . The McCarthy and CEN-SORS samples were not USS-selected, while the Willott et al. sample is predominantly non-USS-selected apart from 23 sources from the 6C*. The McCarthy sample includes 175 redshifts from a set of 277 K-band observations of radio galaxies. It is the largest non-USS K-band sample even though it remains unpublished. The 1400 MHz flux density values for the McCarthy sample were obtained by cross-matching the positions with the NVSS catalogue within a 60-arcsec search radius. For sources which had two matches within 60 arcsec, we selected the closest match. SUMSS-NVSS was selected to have α 1400 843 < −1.3, and the 6C** sample is from the 151-MHz 6C survey with α 1400 151 < −1.0. The De Breuck et al. (2001 Breuck et al. ( , 2002 sample was selected at one of the frequencies 325, 365, or 408 MHz as detailed in the papers, and has α 1400 ∼350 −1.3. We have only included sources from the De Breuck et al. (2001 , 2002 sample that have measured K magnitudes. The combined sample compiled by Willott et al. (2003) includes 202 narrow-line galaxies from the 3CRR, 6C
* , 6CE and 7CRS catalogues, selected at 151 and 178 MHz. 
, Figure 9 . The observed-frame radio spectral energy distribution for NVSS J213238−335318 at z = 2.900. Of the sources in Tables 5 and 6, this source was fitted to a power-law using the largest frequency range, from 151 to 8640 MHz. The resultant spectral index and goodness-of-fit statistics are shown.
several cases only peak flux densities were available and 25 targets (13 per cent) have no published observations at 1400 MHz. As the 3CRR/6C * /6CE/7CRS combined sample has nearly-complete redshift followup, the histograms shown in Fig. 10 are not biased compared to the corresponding K-band distributions in Paper II.
It is important to note that while the K-magnitude measurements are mostly complete for each of the USS samples, the redshifts are incomplete. The percentage of Kband detections with spectroscopic redshifts is 32 per cent for 6C**, 46 per cent for SUMSS-NVSS, 40 per cent for De Breuck et al. (2001 Breuck et al. ( , 2002 and currently 21 per cent for the present MRCR-SUMSS sample.
The choice of targets for follow-up spectroscopy in the MRCR-SUMSS sample was essentially determined by the telescope being used. On the one hand, the faintest objects are the best high-z candidates for followup spectroscopy, but the available telescope time will always limit the number of faint objects that can be observed. The brightest K-band objects were observed with the ANU 2.3 m, and those that were not detected were then observed on the NTT along with fainter targets down to K 19. After the magnitude cut, the targets were then chosen on Right Ascensions available. The K > 19 objects were observed at the VLT, where we had a slight preference to observe the more compact objects, but this was also limited by the accessible Right Ascensions. To test whether the objects that have spectroscopy are representative of the whole sample, we distinguish them with different symbols in Fig. 7 which shows largest angular size of the sources versus K-band magnitude. While the distribution of the objects with spectra is similar to that for the full sample, among the faintest targets observed on the VLT there is an excess of the most compact sources. Larger sources could be faint because they are genuinely distant or because they are closer but dust obscured. The effect of this selection on our redshift distribution would be a small bias towards higher-redshift objects. Nevertheless, the median K-band magnitude for the spectroscopic subset is 18.3 compared with 18.7 for the full sample (with known QSOs removed). This indicates that the spectroscopic sample is representative of the full sample, with the slightly brighter median simply due to the fact that we have had more NTT than VLT observing time. The USS-selected literature samples also have median K-band magnitudes for their spectroscopic samples that are 0.2 magnitudes brighter than for the full K-band samples.
A more stringent test of whether the spectroscopic samples are typical of the complete samples is to compare flux density distributions. In Fig. 10 we compare the flux density distributions from Paper II ( fig. 10) Now that it is clear there are no strong biases in the K-band selection or the flux densities of the sources that have redshifts, we can investigate the corresponding redshift distributions. The CENSORS, McCarthy and 3CRR/6C * /6CE/7CRS redshift distributions in Fig. 10 are weighted towards low redshifts, while the USS-selected samples have returned higher median redshifts, as expected. The different selection frequencies and spectral indices result in the variation in flux densities between samples. In Paper II we found that the K-magnitude distribution did not vary as a function of flux density. The redshift distributions for the USS samples also do not correlate with flux density. On the one hand, the SUMSS-NVSS and MRCR-SUMSS samples have similar median redshifts but markedly different flux densities. On the other hand, the two samples netting the highest redshifts have high median flux densities.
In Paper II, we discussed how the k-correction would predict that samples selected at lower radio frequencies should result in a higher median redshift. Considering just the groups that have been shown to have redshifts representative of the full sample, the MRCR-SUMSS, SUMSS-NVSS and 6C** have selection frequencies of 408, 843 and 151 MHz respectively. For these three samples the median redshift does not correlate with selection frequency, supporting a picture in which the k-correction is not responsible for the steep spectral-energy distribution of high-redshift sources.
An alternative explanation for the steep-spectralenergy distribution of radio galaxies was given by Athreya & Kapahi (1998) . They suggested that higherdensity regions at high redshift reduce the hotspot velocities through the intergalactic medium, resulting in steeper electron-energy distributions. Klamer et al. (2006) Venemans et al. 2007 ) and the fact that their radio spectral energy distributions are straight, implies that the z-α correlation is due to the dense environment at high redshift. Fig. 11 shows spectral index versus redshift for MRCR-SUMSS and for three USS-selected samples and one non-USS-selected sample from the literature. All three USSselected literature samples have a nominal spectral index cut-off of α = −1.3, while the MRCR-SUMSS cut-off was −1.0. The non-USS-selected sample is based on the data in McCarthy et al. (1996; 2007, private communication) , from which the sources with redshifts were cross-matched with the NVSS catalogue and a spectral index was calculated between 408 and 1400 MHz. Fig. 11 shows an apparent trend in spectral index with redshift for the USS-selected sources which is not real; it arises because the spectral index cut-off in each sample has been breached by objects whose spectral index changed after sample selection because of revised flux densities. Neither the points in the literature samples with α < −1.3, nor the points in the MRCR-SUMSS sample with α < −1.0 show a significant correlation with redshift. In Fig. 10 , the more stringent spectral index cut-off of α < −1.3 of the SUMSS-NVSS sample did not result in a significantly higher redshift than did the α < −1.0 selection of the MRCR-SUMSS and 6C** samples. However, Fig. 11 clearly illustrates that a spectral index cut-off of α = −1 eliminates the bulk of the low redshift (z < 1) sources. Applying a steeper spectral index cut-off will miss many z > 2 objects. For the objects shown, ∼ 54 per cent of the z > 2 galaxies, or ∼ 49 per cent of the z > 2.5 galaxies, would be missed by an α = −1.3 cut-off. However, the z-α correlation is most clearly defined by the lower envelope in the z-α plane, which is seen best in the non-USS-selected points.
If the higher-density environment at high redshift drives the steep radio spectra, then it is interesting to note that in Fig. 11 , the sources steeper than α < −1.3 are no more likely to be at high redshift than at low redshift. However, the source numbers are low, so we have also plotted the full MRCR-SUMSS K-band sample against spectral index in Fig. 12 . While an individual K magnitude is not a direct indicator of redshift (see Section 4.1.2), if the net distribution of K magnitudes becomes fainter at higher redshift then the α versus K plot in Fig. 12 should show a trend for sources with α < −1.0. However, there is no evidence that the USS sources steepen further with fainter K magnitudes, suggesting there is no advantage in selecting a more stringent spectral index cut-off.
So far, USS-selected samples have been efficient at finding high-redshift radio galaxies, although non-USS samples have also identified many z > 2 objects that may well have been missed by USS selection (e.g. Brookes et al. 2006 Brookes et al. , 2008 . While the USS-selection nets higher-redshift samples (Fig. 10) , a secondary gain is that USS-selection requires substantially less observing to return the same redshift benefits. For example, CENSORS has 122 sources in a 6 deg 2 field, while the USS-selected SUMSS-NVSS and MRCR-SUMSS samples have 65 and 162 (160 with 4-arcsec-aperture magnitudes) K-band objects respectively across the sky. Considering only the K 19 galaxies which are potentially the most distant, the USS-selected samples have > 1.5 times the percentage of K 19 objects than the non-USS sample. Of the K 19 sources with spectroscopic redshifts, the USS-selected samples have a larger fraction of high-redshift (z > 2.5) objects, but the numbers are small, especially Figure 11 . Spectral index versus spectroscopic redshift for our MRCR-SUMSS sample (circles; using α 7−point from Paper II table 3 or, for sources without 4800-and 8640-MHz radio data, we used α 5−point or α 1400 843 from Paper II table 2) and three samples from the literature (stars): De Breuck et al. (2001 , 2002 (using α 1400 ∼350 ), SUMSS-NVSS sample (using linear fitted spectral indices from Klamer et al. (2006) , or when unavailable, α 1400 843 ) and Bornancini et al. (2007) (α 1400 325 ). The dotted line shows the spectral index cut-off of the literature samples (except a small number of sources from De Breuck et al. (2001 , 2002 had a cut-off at α < −1.2), while our MRCR-SUMSS cut-off is at α = −1.0. In each sample there are some sources which have shallower spectral indices than the cut-offs because of subsequent revisions of source flux densities in the catalogues. The small dots are from the non-USS-selected sample of McCarthy et al. (1996; 2007, private communication) , with a spectral index measured between 408 and 1400 MHz (see text for details).
for the SUMSS-NVSS sample. This means that the non-USS sample would require at least 1.5 times more K−band imaging than the USS samples in order to net a smaller percentage of high redshifts. Therefore, if the aim is principally to get a high-redshift sample of objects, then USS selection will reduce the amount of imaging required.
Spectral line diagnostics
The bright U V emission lines in HzRGs can be produced by one of several ionisation mechanisms. The central AGN can photoionise the emission-line region gas, while shock ionisation can result from the expanding cocoon associated with the radio jets, which shocks the lower temperature gas clouds embedded within the higher temperature gas surrounding the AGN. In high-redshift galaxies, U V emission lines are shifted into the optical band, and can be used to distinguish between shock and photoionisation processes. De Breuck et al. (2000b) discuss in detail the different models for shock excitation (based on the models of Dopita & Sutherland 1996) and photoionisation (based on models by Villar-Martín, Tadhunter & Clark 1997 and Tsvetanov 1998) resulting in a set of diagnostic line-ratio plots. In Fig. 13 , we have reproduced those models on the plots of the line ratios for our galaxies. There are 13 spectra in Fig. 1 which have at least two of the U V diagnostic lines C ivλ1549, He iiλ1640 and C iii]λ1909. For the sources which show only two of the three lines, we deter- , De Breuck et al. (2001 , 2002 , 6C** (Cruz et al. 2006) , CENSORS (Brookes et al. 2006 (Brookes et al. , 2008 , McCarthy et al. (1996; 2007, private communication) and a combined sample from the 3CRR, 6C * , 6CE and 7CRS catalogues (compiled by Willott et al. 2003) . Paper II included histograms of the flux densities of all the sources with K-band magnitudes, while here we show the flux densities of the subset of sources with redshifts. The CENSORS redshift histogram includes both the galaxies for which we had calculated a 4-arcsec magnitude in Paper II as well as those that only had 3-arcsec-aperture magnitudes and hence are not in the K-magnitude histogram of Paper II. Both the McCarthy and De Breuck et al. (2001, 2002) samples only have data shown if the K magnitude was measured, while sources with a redshift but no K magnitude are not included. This was done because we are comparing the redshift distributions of K-band-selected galaxies and those which did not have K magnitudes were based on different selection criteria. Vertical arrows mark the median values in each plot. QSOs have been removed from the literature samples. The redshift distribution for the MRCR-SUMSS sample shows both the radio galaxies and QSOs (dotted line) and just the radio galaxies (solid line), but the median calculation did not include the QSOs, in order to be directly comparable, to the literature samples. Figure 12 . Spectral index versus K-band magnitude in a 4-arcsec aperture for our MRCR-SUMSS sample. The spectral indices are the 7-point fitted values from Paper II table 3 for sources that have 4800-and 8640-MHz radio data, otherwise we used the 5-point fitted values or, when unavailable, the α 1400 843 values as defined in Paper II (table 2). Our spectral index cut-off was defined using 408-843 MHz, and therefore some of our sources turned out to be flatter when fitted over a large frequency range, and some had the 843-MHz flux densities revised by the new SUMSS catalogue (version 2.0), as discussed in Paper I. The sources with K-band magnitude limits are marked by a circle rather than a right-pointing arrow, for clarity. For sources steeper than −1.0, there is no correlation between spectral index and K magnitude. mined 3σ upper limits to the flux from the missing line. Following Hobbs (1984) , the limiting flux was calculated from the product of three times the rms fluctuation in the continuum and a line width ∆v. For He ii we set ∆v equal to the width of the C iv line (since they are both permitted lines with similar ionisation potentials), while for C iii] we set ∆v equal to the instrumental resolution, since this line is typically narrow in radio galaxies. All of the galaxies plotted have z > 1.8.
The diagnostic diagrams show that all of the galaxies are consistent with photoionisation as the primary excitation process. There are no galaxies which can be explained by shocks alone or shock plus precursor excitation, but there is one with a limiting arrow which may extend to the shock models. The majority of our galaxies lie between the lines representing photoionisation models where the incident photoionising continuum has a power law spectral index of α > −1.5 and ionisation parameters of −2.5 < log 10 (U ) < −1.5. These results agree with the much larger sample of HzRGs presented in De Breuck et al. (2000b) . McCarthy (1993) produced a composite spectrum for 0.1 < z < 3 radio galaxies, which also demonstrated the dominance of photoionisation in radio galaxies.
The QSOs in Fig. 13 typically lie above the galaxies in each plot due to a comparatively smaller He ii line flux. The composite QSO spectrum from the Sloan Digital Sky Survey (Vanden Berk et al. 2001 ) has log(C iii]/He ii) = 1.5 and log(C iv/He ii) = 1.7, which are very much higher than the QSOs in our sample. The QSOs in our sample have ratios much closer to that of the radio galaxies. Compact SteepSpectrum (CSS) radio QSOs from Baker & Hunstead (1995) similarly showed stronger He ii than typical QSOs.
In Paper II, we found that some sources in our sample show alignment between the radio structures and either the major axis of the fitted K-band ellipsoid, or the linear extended K-band emission. It was proposed that this alignment could be due to jet-induced star formation or alternatively, scattering of the nuclear emission along paths carved out by the jets through the gas. NVSS J210814−350823, NVSS J213637−340318 and NVSS J223101−353227 have an ellipsoid major axis aligned within 10 degrees of the radio axis (see Paper II), and are included on the emission line diagnostic plots in Fig. 13 . All three have line ratios that do not match the shock models. On the one hand, we may expect shock excitation in regions of jet-induced star formation, but on the other hand, our spectra were extracted in ∼ 1-arcsec apertures, which will be dominated by the nuclear source. Therefore we can not rule out jet-induced star formation on the basis of the line ratios alone.
The spectra of HzRGs are typically dominated by the Lyα line in the U V spectrum. Lyα halos can extend to hundreds of kiloparsecs around the radio source (Kurk et al. 2000a; Venemans et al. 2002; Reuland et al. 2007 ). H i gas surrounding the active nucleus, or along the line of sight, can absorb Lyα, cutting off the blue wing of the spectral line. van Ojik et al. (1997) and De Breuck et al. (2000b, fig. 11 ) have shown that high-redshift galaxies with absorption in the Lyα line tend to have compact radio structures (< 50 kpc). While the resolution of our spectra is insufficient to examine the Lyα profile in detail, there are two quasars in the MRCR-SUMSS sample with obvious absorption in the blue wing of the Lyα line. The absorption profiles are shown in Fig. 14 . NVSS J105917−303658 and NVSS J144206−345115 have compact linear sizes of 7.6 and 7.2 kpc, and have broad lines. The small apparent size may be due to alignment of the jets to the line-of-sight, or the jets may be intrinsically compact. In the latter case, these two sources are consistent with the findings of van and De Breuck et al. (2000b) that stronger H i absorption of the Lyα line may be due to a denser medium surrounding and confining the radio source. An alternative model involves a low-density medium with an absorbing halo of low-metallicity gas which has not yet been impacted by the radio jets (Binette, Kurk, Villar-Martín, Röttgering 2000) . Evidence for denser environments around these and other sources will be discussed further in a subsequent paper based on Faraday rotation measures and galaxy overdensities in the surrounding fields.
Dust in elliptical galaxies is typically associated with recent mergers. If HzRGs are forming through hierarchical mergers, which may be the trigger for the nuclear engine and hence the radio jets, then we might expect the most compact, newly-triggered sources to show dust extinction. We now consider the evidence for dust from spectral lines. While Lyα is generally the strongest U V emission line in HzRG spectra, it is not a good measure of dust as it is more likely to be be weak relative to the other U V lines as a result of viewing angle effects rather than dust (Villar-Martín, Binette & Fosbury 1996) . Based on the dust extinction vectors calculated by Allen, Dopita & Tsvetanov (1998, fig. 4 ), the C iii]λ1909 line is more affected by dust than C ivλ1549. Therefore, in spectra such as that for NVSS J215226−341606, the marginal detection of C iii]λ1909 may be indicative of dust obscura- Figure 13 . U V spectral line diagnostic plots for the lines C ivλ1549, C iii]λ1909 and He iiλ1640. The galaxies in our sample that have at least two of these lines have been plotted (dots). In some cases an upper limit has been used for one of the lines. Radio galaxies are marked by dots, while the QSOs have square symbols. We have also plotted photoionisation and shock models reproduced directly from De Breuck et al. (2000b) ; the details of the model parameters are discussed in that paper. The light grey shaded grid represents shock models while the unshaded grid (which partially overlaps the shock models) shows the shock+precursor models. The shock velocities start at 150 km s −1 at the top right of the curves, and increase along the curves to 500 km s −1 at the end. The four curves in each grid represent four values of the magnetic parameter 0 < B/ √ n < 4µG cm 3/2 . Shock models for 500-1000 km s −1 with n = 1.0 and B = 3.23 from Allen et al. (2008) are marked by a dashed line. The dark grey shaded grids represent photoionisation models with four photo-ionisation sequences, with values of the ionisation parameter log 10 (U ) every 0.5 dex. The top and bottom shaded photoionisation grids have two models each, with power law spectral indices of α = −1 and α = −1.5 respectively. The left or bottom edge of the photoionisation grids are models with hydrogen density n = 100 cm −3 and the top or right edges have n = 1000 cm −3 . The single line with crosses along it represents the model of Binette, Wilson & Storchi-Bergmann (1996) . This model assumes that the photoionised light has gone through both matter-bound and ionisation-bound clouds in which the ratio of the solid angle subtended by the matter-bounded to ionisation-bounded clouds is varied from 0.01 to 100 along the line with tick marks every 0.02 dex. An arrow represents 10 magnitudes of extinction based on the Milky Way extinction law from Allen, Dopita & Tsvetanov (1998) Table 2. tion, although there are insufficient other lines to confirm this. The only other galaxy in which C iii]λ1909 was not detected when He iiλ1640 and/or C ivλ1549 were detected is NVSS J144932−385657. In this case, based on an upper limit on the C iii]λ1909 line, the diagnostic diagrams from Allen, Dopita & Tsvetanov (1998, fig. 4 ) can explain the lack of C iii]λ1909 with either photoionisation or shock models, without the need for large dust extinction.
CONCLUSIONS
Spectroscopic results and analysis of the radio, K-band and redshift data have been presented for a large Southern hemisphere USS-selected HzRG survey, the MRCR-SUMSS sample. Our main findings are:
(i) Based on 175 images and 52 spectra, 164 radio sources have K-band or SuperCOSMOS identifications with 36 confirmed galaxy redshifts. The highest new redshift found is 3.26, but our spectroscopic followup is so far only 30 per cent complete. A comparison of the USS samples with the non-USS-selected CENSORS and McCarthy samples shows that the fraction of z < 1 galaxies is significantly reduced by USS-selection, as expected. However, for the USS-selected samples there is no correlation between the median redshift and either median flux density or selection frequency.
(ii) Detailed analysis of the K-z distribution includes a fit to 4-arcsec-aperture K magnitudes for several samples from the literature. This fit is compared with the 64-kpc fits of Willott et al. (2003) and De Breuck et al. (2004) . The MRCR-SUMSS sample agrees with the Rocca-Volmerange et al. (2004) models for > 10 11 M⊙ galaxies for all but two sources. We find no evidence for an increase in dispersion in the K-z plot at z > 2 and conclude that these galaxies have undergone passive stellar evolution since z > 3.
(iii) To test for curvature in the radio-spectral-energy distribution at frequencies lower than our selection frequency, both the MRCR-SUMSS and the SUMSS-NVSS samples were cross-matched with the 74-MHz VLSS catalogue and 151-MHz MRT catalogues. 75 per cent (15/20) of the sources with K-band magnitudes have radio-spectralenergy distributions that can be fitted by a single power-law.
(iv) The k-correction has frequently been assumed to account for the z − α correlation and hence for the success of USS-selection in finding high-redshift-radio galaxies. The predominance of straight spectrum objects over frequency ranges up to 74-8640 MHz and the lack of correlation with selection frequency are both evidence that an entirely different mechanism is responsible for the steep spectra of high redshift radio galaxies. Suggestions by Klamer et al. (2006) that the steep spectrum is due to the higher-density environments at high redshift will be tested for the MRCR-SUMSS sample in a subsequent paper.
(v) The spectral line ratios indicate that photoionisation is more dominant than shocks as the ionisation mechanism at the centre of these galaxies. QSOs in our sample have line ratios that are much closer to that of the radio galaxies than typical QSO ratios due to a stronger He iiλ1640 line, which is also seen in CSS sources. We find no evidence for significant dust extinction around the nucleus of any of our sources based on the line ratios.
Our method has been successful in identifying twelve 2 < z < 3.5 galaxies which are at the epoch when the star formation rate density of the Universe was at a peak. They form an important sample for investigating the environments and evolution of massive galaxies. By the time the spectroscopic followup is complete, we expect more than 40 galaxies in this redshift range. In an upcoming paper, we will present clustering and evolution studies based on rotation measures and source overdensities in our images. This paper has been typeset from a T E X/ L A T E X file prepared by the author.
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